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1
INTEGRATED CIRCUIT CARRIER COATING

FIELD

This disclosure relates generally to integrated circuit
carriers, and more specifically, to coating metal contacts of
an integrated circuit carrier.

RELATED ART

Packaged semiconductor devices often include encapsu-
lant materials that surround and protect a die. However, the
encapsulant materials often include contaminants due to
impurities introduced during the encapsulant processing.
The contaminants location changes due to temperature and
voltage excursions caused during operation of the packaged
semiconductor device over time.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention may be better understood, and its
numerous objects, features, and advantages made apparent
to those skilled in the art by referencing the accompanying
drawings.

FIG. 1-3 illustrate block diagrams depicting example
packaged semiconductor devices in which the disclosure is
implemented, according to some embodiments.

FIG. 4-5 illustrate block diagrams depicting example
molecules of a functionalized self-assembled monolayer
(SAM) material in which the disclosure is implemented,
according to some embodiments.

The present invention is illustrated by way of example
and is not limited by the accompanying figures, in which like
references indicate similar elements, unless otherwise noted.
Elements in the figures are illustrated for simplicity and
clarity and have not necessarily been drawn to scale.

DETAILED DESCRIPTION

The following sets forth a detailed description of various
embodiments intended to be illustrative of the invention and
should not be taken to be limiting.

Overview

A packaged semiconductor device often includes an
encapsulant formed around a package substrate to protect a
die attached to the package substrate. Encapsulants, such as
mold compounds, contain some level of impurities or con-
taminants, such as chloride, sodium, ammonium, organic
contaminants, and the like. These contaminants taint the
encapsulant during package processing or result from the
breakdown of encapsulant material, often due to increased
temperature experienced by the encapsulant over time dur-
ing operation of the packaged semiconductor device. These
contaminants are mobile ionic species that include cations
(positively charged ions) and anions (negatively charged
ions).

A packaged semiconductor device also includes metal
contacts (such as leads of a lead frame) that are closely
spaced (e.g., the contacts may be separated by a spacing of
less than 0.1 mm) in order to maximize the number of metal
contacts. The metal contacts extend from the package sub-
strate through the encapsulant. The surface of the encapsu-
lant and the ends of the metal contacts are exposed to the
ambient environment, which often includes exposure to
moisture.

During operation of the packaged semiconductor device,
an electromagnetic field (e.g., an electric field or a magnetic
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field or both) is produced by the packaged semiconductor
device and extends through the encapsulant and metal
contacts. At the encapsulant surface where moisture is
present, the electromagnetic field causes the mobile ionic
species (or ionic contaminants) to migrate towards metal
contacts of opposite charge. The movement of the ionic
contaminants at the surface of the encapsulant also affects
the adjacent metal ions of the metal contacts, causing the
metal ions to begin migrating. The metal ions migrate from
one metal contact toward an oppositely charged metal con-
tact and form dendrite-type metal growth along the encap-
sulant surface. The metal growth results in an increase in
leakage current between the metal contacts, where the metal
growth may even fully reach from one metal contact to
another and form an electrical short between the metal
contacts. Such ionic migration is often exacerbated due to
tight spacing of metal contacts, which increases the voltage
gradient present between the metal contacts, and in turn
affects the electromagnetic field. lonic migration often
becomes critical when the packaged semiconductor device
has a high operating voltage (e.g., 40V or higher).

The present disclosure provides a coating of a function-
alized self-assembled monolayer (SAM) material that
includes one or more functional groups selected to chemi-
cally bond to one or more targeted ions (e.g., one or more
cations, one or more anions, or one or more of both cations
and anions). The SAM material coats the metal contacts of
a packaged semiconductor device in a region of the metal
contacts adjacent to a surface of the encapsulant. In some
embodiments, the SAM material also coats the entirety of
the metal contacts, including over the tips of the metal
contacts and under the encapsulant. In some embodiments,
the SAM material also coats a package substrate and metal
contacts within the packaged semiconductor device, includ-
ing under the encapsulant. In some embodiments, the SAM
material also coats the outside of the packaged semiconduc-
tor device, including over the encapsulant. The functional-
ized SAM material captures and immobilizes the targeted
ions when an electromagnetic field is present, which pre-
vents the targeted ions from influencing movement of metal
ions of the metal contacts at the surface of the encapsulant.
In this manner, metal growth between metal contacts due to
such ionic migration is also reduced, which in turn reduces
leakage current. In embodiments where the SAM material
coats metal contacts within the packaged semiconductor
device, including under the encapsulant, the SAM material
also captures and immobilizes targeted ions that may
migrate within the bulk of the encapsulant toward the metal
contacts, which also prevents the targeted ions from influ-
encing movement of metal ions of the metal contacts within
the bulk of the encapsulant.

Example Embodiments

FIG. 1 illustrates a block diagram of an example packaged
semiconductor device 100 in which the disclosure is imple-
mented. Packaged semiconductor device 100 includes a
package substrate having metal contacts 105 and 110, where
one or more integrated circuits are attached to the package
substrate (not shown). Packaged semiconductor device 100
also includes an encapsulant surrounding the package sub-
strate and the one or more integrated circuits, where surface
120 is the external surface of the encapsulant. The encap-
sulant includes one or more layers of encapsulant materials.
Examples of encapsulant materials include, but are not
limited to, mold compound, epoxy, underfill, glob top, dam
and fill, and the like. Examples of an integrated circuit
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include, but are not limited to, an integrated circuit die, a
semiconductor die including a semiconductor substrate, a
flip chip die, a sensor die, a passive component such as a
resistor, a capacitor, an inductor, an oscillator, a battery, and
the like, a sensor device, and the like. Examples of attach-
ment mechanisms for the one or more integrated circuits to
the package substrate include, but are not limited to, die
attachment material, flip-chip bumps or pillars, conductive
adhesive, and the like.

The package substrate has a number of metal contacts,
such as metal contacts 105 and 110, which extend beyond
surface 120 of the encapsulant. Packaged semiconductor
device 100 also includes a chip carrier, where the package
substrate is attached to a surface 115 of the chip carrier.
Metal contacts of the package substrate are bonded or
soldered to metal contacts of the chip carrier to form
electrical connections between the package substrate and the
chip carrier. The metal contacts of the package substrate,
such as metal contacts 105 and 110, and the chip carrier
include conductive metal. Examples of a conductive metal
include, but are not limited to, copper, gold, and silver,
which may also be plated by other conductive metals.
Examples of plating metals include, but are not limited to,
electroplating of copper, tin, silver, nickel, palladium, gold,
and the like, and electroless plating of copper, nickel,
palladium, gold, and the like. Other examples of a packaged
semiconductor device are further discussed below in con-
nection with FIGS. 2 and 3.

During operation of packaged semiconductor device 100,
an electromagnetic field is produced by the packaged semi-
conductor device and is present in (or is applied to) the
encapsulant and metal contacts, where the electromagnetic
field includes an electric field, a magnetic field, or both. The
applied electromagnetic field may be a constant field or an
alternating field (e.g., radio wave fields). Typical ionic
migration paths between metal contacts 105 and 110 are
illustrated as arrow 125 along surface 120 and arrow 130
along surface 115. The direction of ionic migration depends
upon the polarity of the ions present on surface 120 and
surface 115 and the polarity of metal contacts 105 and 110.

In order to reduce ionic migration of the metal contacts at
the surface of the encapsulant, the metal contacts (such as
metal contacts 105 and 110) are coated with a functionalized
self-assembled monolayer (SAM) material (also simply
referred to as SAM material) that includes one or more
functional groups capable of attracting and capturing one or
more targeted ions, such as the cations or anions of the ionic
contaminants that are present on the surface of the encap-
sulant. Each functional group carries a charge and attracts a
targeted ion having opposite polarity. The targeted ion
chemically bonds with the functional group, which immo-
bilizes the targeted ion. While ionic contaminants may
migrate along surface 120 of the encapsulant in the presence
of moisture from the ambient environment and the applied
electromagnetic field, the SAM material prevents such ionic
contaminants from influencing movement of metal ions of
the metal contacts. Also, ionic contaminants may migrate
within the bulk of the encapsulant, in which case the SAM
material coated on a metal contact within the encapsulant (or
within the packaged semiconductor device) also prevents
such ionic contaminants from influencing movement of
metal ions of the metal contact. Example functional groups
of SAM material are further discussed below in connection
with FIGS. 4 and 5.

The chip carrier may also include encapsulant or insula-
tion materials that similarly experience increased tempera-
ture over time during operation of the packaged semicon-
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ductor device, which causes such encapsulant or insulation
materials to also break down and form ionic contaminants.
Such ionic contaminants at the surface 115 of the chip carrier
would also be exposed to moisture from the ambient envi-
ronment and would be in the presence of the electromagnetic
field produced by the packaged semiconductor device, giv-
ing rise to ionic migration along the surface of the chip
carrier. In some embodiments, the SAM material is also
applied to metal contacts of the chip carrier to reduce ionic
migration of the metal contacts at the surface of the chip
carrier’s encapsulant or insulation materials.

It is noted that coating the metal contacts of the chip
carrier and of the package substrate with the SAM material
does not negatively affect the electrical connections formed
on such coated metal contacts. The SAM material is effec-
tively destroyed or removed during the soldering or bonding
process, resulting in a reliable electrical connection.

Since metal contacts of both package substrate and chip
carrier may be coated with the SAM material, the term
integrated circuit (IC) carrier is used herein to describe a
mounting structure to which an integrated circuit is mounted
or attached, where an IC carrier includes both package
substrates and chip carriers.

In some embodiments, each metal contact is coated with
the SAM material at least in a region of the metal contact
adjacent to a surface of the encapsulant (e.g., where the
metal contact and encapsulant surface meet or are in contact
with one another). In some embodiments, each metal contact
is coated with the SAM material at least in a region of the
metal contact under the surface of the encapsulant (e.g., in
a region that would otherwise be in contact with the encap-
sulant). In some embodiments, each metal contact of an IC
carrier is coated with the SAM material over the entirety of
the metal contact, including under the encapsulant and over
the tips of the metal contact. In some embodiments, the
entire IC carrier including metal contacts is coated with the
SAM material. In embodiments where the IC carrier is
formed as part of an array (e.g., a lead frame array), the array
is coated with SAM material before singulation, where each
IC carrier may receive subsequent applications of SAM
material after singulation. In other embodiments, the IC
carrier is coated with SAM material after singulation.

In some embodiments, the entire packaged semiconductor
device 100 is coated with the SAM material, where the
packaged semiconductor device includes an IC carrier that
in turn includes a package substrate, a chip carrier, or both.
In such further embodiments, SAM material coats an exter-
nal surface of packaged semiconductor device 100, includ-
ing over an external surface of the encapsulant and over an
external surface of the metal contacts of the IC carrier
(which is a package substrate or a chip carrier or both).
Accordingly, in the various embodiments described, the
SAM material may be coated within packaged semiconduc-
tor device 100 (e.g., on metal contacts of package substrate
or chip carrier, package substrate itself, chip carrier itself),
coated outside of packaged semiconductor device 100 (e.g.,
on metal contacts of package substrate or chip carrier,
encapsulant), or both.

Examples of coating the metal contacts with the SAM
material includes, but is not limited to, dipping the metal
contacts of the IC carrier into SAM material, immersing the
entire IC carrier into SAM material, spraying the SAM
material onto the metal contacts or onto the entire IC carrier,
applying the SAM material onto the metal contacts or
portions of the IC carrier through photomask openings (e.g.,
for precision application), and the like.
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Examples of an IC carrier include, but are not limited to,
organic chip carriers, ceramic chip carriers, a printed circuit
board (PCB), a leadframe, a quad flat no lead (QFN)
package substrate, a power QFN package substrate, a ball
grid array (BGA) package substrate, a micro leadframe, a
small outline leadframe, a thin small outline package sub-
strate, a zig-zag inline package substrate, a single inline
package substrate, a dual inline package substrate, a flatpack
substrate, a land grid array (LGA) package substrate, a pin
grid array package substrate, a plastic leaded chip carrier, a
chip scale package substrate, a flip chip package substrate,
a package on package, quilt packaging, and other similar
package substrates.

FIG. 2 illustrates a block diagram depicting an example
packaged semiconductor device 200 that includes an IC
carrier. In the embodiment illustrated, the IC carrier is a
leadframe having a flag portion 205 and leads 210, where a
layer of SAM material 215 coats or covers the leadframe in
its entirety, including over the tips of leads 210. The cov-
erage shown in FIG. 2 is achieved in some embodiments by
singulating the leadframe from an array of leadframes and
coating the leadframe, including over tips of leads 210, with
SAM material 215. Such coverage is also achieved in other
embodiments by coating an array of leadframes with the
SAM material 215 and applying an additional layer of SAM
material 215 to the tips of leads 210 that are exposed after
singulation.

Packaged semiconductor device 200 includes an inte-
grated circuit 225 (e.g., an integrated circuit die) that is
attached to flag portion 205 of the leadframe with attach-
ment material 220 (e.g., die attach material). For clarity, a
single integrated circuit configuration is shown in FIG. 2.
Packaged semiconductor device 200 also includes wire
bonds 230 between integrated circuit 225 and contact pads
on leads 210, which form electrical connections between the
integrated circuit and the leadframe. Integrated circuit 225,
wire bonds 230, flag portion 205, and portions of leads 210
are surrounded by encapsulant 235.

It is noted that the coverage of the IC carrier shown in
FIG. 2 is beneficial because the SAM material 215 is present
between each lead 210 and encapsulant 235 at the encap-
sulant surface in order to capture targeted ions at the
encapsulant surface. In other words, the layer of SAM
material 215 is formed around each lead 210 in the region
where lead 210 would otherwise be in contact with the
encapsulant surface. SAM material 215 effectively forms an
ionic migration barrier that reduces direct exposure of the
metal ions of leads 210 to movement of the ionic contami-
nants at the encapsulant surface. Such coverage is achieved
in embodiments where the IC carrier is coated with SAM
material 215 at a time prior to formation of encapsulant 235
around the IC carrier.

In other embodiments, the packaged semiconductor
device 200 is coated with SAM material 215 at a time after
encapsulant 235 is formed around the IC carrier. In such
embodiments, the SAM material 215 is applied to external
surfaces of packaged semiconductor device 200, including
(external) surfaces of leads 210 and surfaces of encapsulant
235. Such embodiments are also beneficial because the
SAM material 215 is still formed around a portion of each
lead 210 at the encapsulant surface and is still able to capture
targeted ions on the encapsulant surface and reduce direct
exposure of the metal ions of leads 210 to movement of the
ionic contaminants at the encapsulant surface. Since the
external surface of the encapsulant is also coated with SAM
material, the SAM material is able to immobilize a greater
number of targeted ions along the encapsulant surface,
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further reducing the movement of ionic contaminants before
they are able to reach the vicinity of leads 210. In some
embodiments, SAM material 215 is present between each
lead 210 and encapsulant 235 at the encapsulant surface, as
well as over the encapsulant surface.

FIG. 3 illustrates a block diagram depicting an example
packaged semiconductor device 300 that includes an IC
carrier. In the embodiment illustrated, the IC carrier is a
leadframe having a pad 305 and leads 310, where a layer of
SAM material 315 coats or covers the leadframe in its
entirety, including over the tips of leads 310. The coverage
shown in FIG. 3 is achieved in similar embodiments
described above in connection with FIG. 2.

Packaged semiconductor device 300 includes an inte-
grated circuit 325 that is attached to pad 305 with attachment
material 320. For clarity, a single integrated circuit configu-
ration is shown in FIG. 3. Packaged semiconductor device
300 also includes wire bonds 330 between integrated circuit
325 and contact pads on leads 310, which form electrical
connections between the integrated circuit and the lead-
frame. Integrated circuit 325, wire bonds 330, an upper
portion of pad 305, and portions of leads 310 are surrounded
by encapsulant 235. A bottom surface of pad 305 is not
covered by encapsulant 235, which makes pad 305 an
“exposed” pad 305.

It is noted that the coverage of the IC carrier shown in
FIG. 3 is additionally beneficial because the SAM material
315 is also present over the leads 310 and the exposed pad
305 and under the encapsulant 235 at the encapsulant
surface in order to capture targeted ions at the encapsulant
surface. In other words, the layer of SAM material 315 is
formed around the leads 310 and pad 305 in the region
where leads 310 and pad 305 would otherwise be in contact
with the encapsulant surface. SAM material 315 effectively
forms an ionic migration barrier that reduces direct exposure
of the metal ions of leads 310 and pad 305 to movement of
the ionic contaminants at the encapsulant surface. Such
coverage is achieved in embodiments where the IC carrier is
coated with SAM material 315 at a time prior to formation
of encapsulant 235 around the IC carrier.

In other embodiments, packaged semiconductor device
300 is coated with SAM material 315 at a time after
encapsulant 235 is formed around the IC carrier. In such
embodiments, the SAM material 315 is applied to external
surfaces of packaged semiconductor device 300, including
over (external) surfaces of leads 310, exposed pad 305, and
encapsulant 235. Such embodiments are also beneficial
because the SAM material 315 is still formed around a
portion of each lead 310 and pad 305 at the encapsulant
surface, where the SAM material 315 is still able to capture
targeted ions on the encapsulant surface. SAM material 315
is able to immobilize a greater number of targeted ions
before they are able to reach the vicinity of leads 310 and
pad 305, which reduces direct exposure of the metal ions of
leads 310 and pad 305 to movement of the ionic contami-
nants at the encapsulant surface.

FIG. 4 illustrates a block diagram depicting an example
molecule of a functionalized self-assembled monolayer
(SAM) material 400. A self-assembled monolayer (SAM)
material includes a single layer of molecules, where each
molecule assembles itself or forms spontaneously. In the
embodiment illustrated, SAM material 400 includes a single
type of molecular assembly that incorporates one or more
functional groups, which are short molecules that are
capable of attracting and capturing a particular type of ion,
such as a cation or an anion, of an ionic contaminant that is
expected or known to be present on the encapsulant surface.
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The molecular assembly of SAM material 400 (also referred
to as a SAM molecule 400) includes an anchoring element
A 410 that has an affinity for and is capable of attaching to
a metal surface 405. An example anchoring element 410
includes, but is not limited to, sulfur. Examples of metal
surface 405 include, but are not limited to, copper, silver,
and gold, which may also be plated by other metals, as stated
above.

SAM molecule 400 also includes a terminating group T
415 that is joined to anchoring element A via a carbon chain
435 and terminates the SAM molecule 400. Examples of
terminating group T include, but are not limited to, an
anchoring element (which may be the same as anchoring
element A 410, a functional group, and the like. Anchoring
element A serves as one end of SAM molecule 400 and
terminating group T serves the other end of SAM molecule
400. Carbon chain 435 represents a number of carbon atoms
that are chemically bonded to one another, as well as to
terminating group T and anchoring element A. In some
embodiments, carbon chain 435 is greater than 10 carbon
atoms. A length of carbon chain 435 (e.g., a number of
carbon atoms or a distance spanned by the carbon atoms in
chain 435) need not be a same length in each SAM molecule
400. SAM molecule 400 also includes three different func-
tional groups, X1 420, X2 425, and X3 430, where each
functional group is joined to carbon chain 435 via a carbon
chain branch. A length of a carbon chain branch also need
not be a same length in each SAM molecule 400. While the
illustrated embodiment shows a single molecule of func-
tional groups X1, X2, and X3 included in SAM molecule
400, one or more molecules of each functional group can be
included in a single SAM molecule 400.

Each functional group, at least when in the presence of an
electromagnetic field (e.g., an electric field or a magnetic
field or both), is in a chemical state that carries a charge. An
ion on the encapsulant surface is attracted to a functional
group having opposite polarity and chemically bonds with
the functional group. The chemical bond immobilizes the
ion, even after the electromagnetic field is removed. For
example, if chloride ions (Cl-) are expected to be present on
the encapsulant surface, an anion-capturing functional group
such as NH2+ is selected and included in the SAM molecule
for capturing chloride ions. The chloride anions bond with
molecules of the NH2+ functional group and are immobi-
lized. It is noted that the molecular formulas used herein are
empirical formulas representative of the elements included
in a functional group, although additional elements or mol-
ecules that do not affect the chemical state of the functional
group in the presence of an electromagnetic field may also
be included in the SAM molecule to bond the functional
group to the carbon chain (e.g., intermediate elements may
bond the functional group to a carbon chain branch).

In some embodiments, a functional group that is in a
neutral chemical state (e.g., carries no charge) is included in
a SAM molecule, but changes chemical state upon applica-
tion of an electromagnetic field (e.g., an electric field, a
magnetic field, or both) or voltage to the SAM molecule.
The changed chemical state results in the functional group
carrying a charge (e.g., positive or negative). For example,
NH3 is in a neutral chemical state until a voltage is applied,
which oxidizes NH3 to change the chemical state to
NH3OH+. Examples of anion-capturing groups include, but
are not limited to, amino alkane thiols and hydroxyl alkane
thiols. Similarly, a cation-capturing group is selected to
capture cations expected to be present on the encapsulant
surface. Examples of cation-capturing groups include, but
are not limited to, carboxy alkane thiols.
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FIG. 5 illustrates a block diagram depicting example
molecules of a functionalized self-assembled monolayer
(SAM) material 500. In the embodiment illustrated, SAM
material 500 includes multiple types of molecule assem-
blies, where each type of molecular assembly included in
SAM material 500 (also referred to as a SAM molecule type)
incorporates one or more functional groups. Three SAM
molecule types are shown in FIG. 5, although additional
SAM molecule types could be included in other embodi-
ments. Each SAM molecule type includes an anchoring
element A 510 that is capable of attaching to a metal surface
505. While the illustrated embodiment shows the same
anchoring element A included in the SAM molecule types,
each SAM molecule type may include a different anchoring
element A in other embodiments. Each SAM molecule type
also includes a terminating group T 515 that is joined to
anchoring element A via a carbon chain 535, as discussed
above. While the illustrated embodiment shows the same
terminating group T included in the SAM molecule types,
each SAM molecule type may include a different terminat-
ing group in other embodiments.

In the embodiment shown, each SAM molecule type
includes a single functional group selected from the set of
three different functional groups, X1 520, X2 525, and X3
530. Each functional group is joined to carbon chain 535 of
a respective SAM molecule type via a carbon chain branch.
A length of carbon chain 535 or of a carbon chain branch
need not be the same length in each of the SAM molecule
types. While the illustrated embodiment shows a single
molecule of a functional group included in a single SAM
molecule type, one or more molecules of the functional
group can be included in the single SAM molecule type.

By now it should be appreciated that there has been
provided device and method embodiments for a functional-
ized self-assembled monolayer (SAM) material coating that
includes one or more functional groups selected to chemi-
cally bond to one or more targeted ions (e.g., cations or
anions or both). The functionalized SAM material captures
and immobilizes the targeted ions when an electromagnetic
field is present, which reduces ionic migration of the metal
contacts at the surface of the encapsulant. In this manner,
metal growth between metal contacts due to ionic migration
is also reduced, which in turn reduces leakage current.

In one embodiment of the present disclosure, a device is
provided that includes an integrated circuit (IC) carrier for a
semiconductor device; and a coating on the IC carrier,
wherein, in the presence of an electrical field or a magnetic
field, the coating includes a first functional group that
attracts anions and a second functional group that attracts
cations.

One aspect of the above embodiment provides that the
first functional group includes amino alkane thiols.

Another aspect of the above embodiment provides that the
first functional group includes hydroxyl alkane thiols.

Another aspect of the above embodiment provides that the
second functional group includes carboxy alkane thiols.

Another aspect of the above embodiment provides that the
IC carrier is a package substrate including one of a group
consisting of: a leadframe, a quad flat no lead (QFN), a
power QFN, a ball grid array, micro leadframe, small outline
leadframe, thin small outline, zig-zag inline, single inline
package, dual inline package, flatpack, land grid array, pin
grid array, plastic leaded chip carrier, chip scale package, flip
chip, package on package, and quilt packaging.
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Another aspect of the above embodiment provides that the
IC carrier is a printed circuit board.

Another aspect of the above embodiment provides that the
coating includes an anchoring element.

A further aspect of the above embodiment provides that
the anchoring element is sulfur.

Another aspect of the above embodiment provides that the
first and second functional groups change their chemical
state in the presence of the electrical or magnetic field.

Another aspect of the above embodiment provides that the
coating covers a majority of a surface of leads on the IC
carrier.

In another embodiment of the present disclosure, a pack-
aged semiconductor device is provided, which includes an
integrated circuit (IC) carrier; an integrated circuit (IC)
mounted on the IC carrier; a mold compound encapsulating
at least a portion of the IC carrier and the IC; and a protective
coating on the IC carrier. The protective coating is applied
in regions that are subject to electrical or magnetic fields
generated by the IC, and the protective coating is formulated
with at least two functional groups, where a first functional
group of the at least two functional groups immobilizes
anions from the mold compound and a second functional
group of the at least two functional groups immobilizes
cations from the mold compound.

One aspect of the above embodiment provides that the
first functional group includes at least one of a group
consisting of: amino alkane thiols and hydroxyl alkane
thiols.

Another aspect of the above embodiment provides that the
second functional group includes carboxy alkane thiols.

Another aspect of the above embodiment provides that the
IC carrier is a package substrate including one of a group
consisting of: a leadframe, a quad flat no lead (QFN), a
power QFN; a ball grid array, micro leadframe, small outline
leadframe, thin small outline, zig-zag inline, single inline
package, dual inline package, flatpack, land grid array, pin
grid array, plastic leaded chip carrier, chip scale package, flip
chip, package on package, and quilt packaging.

Another aspect of the above embodiment provides that the
IC carrier is a printed circuit board.

Another aspect of the above embodiment provides that the
coating includes an anchoring element that includes sulfur.

Another aspect of the above embodiment provides that
wherein the first and second functional groups change their
chemical state in the presence of the electrical or magnetic
field.

In another embodiment of the present disclosure, a
method is provided, where the method includes coating an
integrated circuit (IC) carrier in a protective compound,
where the protective compound includes: a first functional
group that is formulated to attract anions from a mold
compound in the presence of an electric or magnetic field;
and a second functional group that is formulated to attract
cations from the mold compound in the presence of the
electric or magnetic field.

One aspect of the above embodiment provides that the
first functional group includes at least one of a group
consisting of: an amino alkane thiol and a hydroxyl alkane
thiol and the second functional group includes a carboxy
alkane thiol.

Another aspect of the above embodiment provides that the
IC carrier is one of a group consisting of: a printed circuit
board, a leadframe, a quad flat no lead (QFN), a power QFN,
a ball grid array, micro leadframe, small outline leadframe,
thin small outline, zig-zag inline, single inline package, dual
inline package, flatpack, land grid array, pin grid array,
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plastic leaded chip carrier, chip scale package, flip chip,
package on package, and quilt packaging.

The semiconductor substrate described herein can be any
semiconductor material or combinations of materials, such
as gallium arsenide, silicon germanium, silicon-on-insulator
(SOI), silicon, monocrystalline silicon, the like, and com-
binations of the above.

Because the apparatus implementing the present inven-
tion is, for the most part, composed of electronic compo-
nents and circuits known to those skilled in the art, circuit
details will not be explained in any greater extent than that
considered necessary as illustrated above, for the under-
standing and appreciation of the underlying concepts of the
present invention and in order not to obfuscate or distract
from the teachings of the present invention.

Although the invention has been described with respect to
specific conductivity types or polarity of potentials, skilled
artisans appreciated that conductivity types and polarities of
potentials may be reversed.

Moreover, the terms “front,” “back,” “top,” “bottom,”
“over,” “under” and the like in the description and in the
claims, if any, are used for descriptive purposes and not
necessarily for describing permanent relative positions. It is
understood that the terms so used are interchangeable under
appropriate circumstances such that the embodiments of the
invention described herein are, for example, capable of
operation in other orientations than those illustrated or
otherwise described herein.

Although the invention is described herein with reference
to specific embodiments, various modifications and changes
can be made without departing from the scope of the present
invention as set forth in the claims below. Accordingly, the
specification and figures are to be regarded in an illustrative
rather than a restrictive sense, and all such modifications are
intended to be included within the scope of the present
invention. Any benefits, advantages, or solutions to prob-
lems that are described herein with regard to specific
embodiments are not intended to be construed as a critical,
required, or essential feature or element of any or all the
claims.

Furthermore, the terms “a” or “an,” as used herein, are
defined as one or more than one. Also, the use of introduc-
tory phrases such as “at least one” and “one or more” in the
claims should not be construed to imply that the introduction
of another claim element by the indefinite articles “a” or
“an” limits any particular claim containing such introduced
claim element to inventions containing only one such ele-
ment, even when the same claim includes the introductory
phrases “one or more” or “at least one” and indefinite
articles such as “a” or “an.” The same holds true for the use
of definite articles.

Unless stated otherwise, terms such as “first” and “sec-
ond” are used to arbitrarily distinguish between the elements
such terms describe. Thus, these terms are not necessarily
intended to indicate temporal or other prioritization of such
elements.

What is claimed is:

1. A device comprising:

an integrated circuit (IC) carrier for a semiconductor
device; and

a coating on the IC carrier, wherein, in the presence of an
electrical field or a magnetic field, the coating includes
a functionalized self-assembled monolayer (SAM)
material that comprises:
an anchoring element that has an affinity for attachment

to a metal surface,
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a first functional group that carries a positive charge to
attract and immobilize anions, and

a second functional group that carries a negative charge
to attract and immobilize cations, and

the anions and the cations are ionic contaminants.

2. The device of claim 1 wherein the first functional group
includes amino alkane thiols.

3. The device of claim 1 wherein the first functional group
includes hydroxyl alkane thiols.

4. The device of claim 1 wherein the second functional
group includes carboxy alkane thiols.

5. The device of claim 1 wherein the IC carrier is either
a printed circuit board or a package substrate including one
of a group consisting of:

a leadframe, a quad flat no lead (QFN), a power QFN, a
ball grid array, micro leadframe, small outline lead-
frame, thin small outline, zig-zag inline, single inline
package, dual inline package, flatpack, land grid array,
pin grid array, plastic leaded chip carrier, chip scale
package, flip chip, package on package, and quilt
packaging.

6. The device of claim 1 wherein the anchoring element

is sulfur.

7. The device of claim 1 wherein the coating covers a
majority of a surface of leads on the IC carrier.

8. A packaged semiconductor device comprising:

an integrated circuit (IC) carrier;

an integrated circuit (IC) mounted on the IC carrier;

a mold compound encapsulating at least a portion of the
IC carrier and the IC;

a protective coating on the IC carrier, wherein the pro-
tective coating is applied in regions that are subject to
electrical or magnetic fields generated by the IC, and
the protective coating includes a functionalized self-
assembled monolayer (SAM) material that comprises
an anchoring element that has an affinity for attachment
to a metal surface and at least two functional groups,
wherein a first functional group of the at least two
functional groups carries a positive charge to attract
and immobilize anions from the mold compound, and
a second functional group of the at least two functional
groups carries a negative charge to attract and immo-
bilize cations from the mold compound, and wherein
the anions and the cations are ionic contaminants from
the mold compound.

9. The device of claim 8 wherein the first functional group
includes at least one of a group consisting of: amino alkane
thiols and hydroxyl alkane thiols.

10. The device of claim 8 wherein the second functional
group includes carboxy alkane thiols.

11. The device of claim 8 wherein the IC carrier is either
a printed circuit board or a package substrate including one
of a group consisting of:

a leadframe, a quad flat no lead (QFN), a power QFN, a
ball grid array, micro leadframe, small outline lead-
frame, thin small outline, zig-zag inline, single inline
package, dual inline package, flatpack, land grid array,
pin grid array, plastic leaded chip carrier, chip scale
package, flip chip, package on package, and quilt
packaging.

12. The device of claim 8 wherein the anchoring element

includes sulfur.

13. The device of claim 1 wherein the first functional
group immobilizes the anions by formation of a chemical
bond with the anions, and the second functional group
immobilizes the cations by formation of a chemical bond
with the cations.
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14. The device of claim 1 wherein

the first functional group carries the positive charge when
the first functional group oxidizes in the presence of the
electrical field or the magnetic field to change from a
neutral chemical state to a positively charged chemical
state,
the first functional group immobilizes the anions by
formation of a chemical bond with the anions in the
presence of the electrical field or the magnetic field, and

the first functional group is chemically bonded with the
anions after removal of the electrical field or the
magnetic field.
15. The device of claim 1 wherein
the second functional group carries the negative charge
when the second functional group oxidizes in the
presence of the electrical field or the magnetic field to
change from a neutral chemical state to a negatively
charged chemical state,
the second functional group immobilizes the cations by
formation of a chemical bond with the cations in the
presence of the electrical field of the magnetic field, and

the second functional group is chemically bonded with the
cations after removal of the electrical field or the
magnetic field.

16. The device of claim 1 wherein the coating includes a
functionalized SAM molecule comprising the anchoring
element, the first functional group, the second functional
group, and a carbon chain that links the first functional group
and the second functional group to the anchoring element.

17. The device of claim 1 wherein the coating includes a
first functionalized SAM molecule comprising the anchor-
ing element, the first functional group, and a first carbon
chain that links the first functional group to the anchoring
element, and wherein the coating includes a second func-
tionalized SAM molecule comprising the anchoring ele-
ment, the second functional group, and a second carbon
chain that links the second functional group to the anchoring
element.

18. The device of claim 1 wherein the coating comprises
a first set of functionalized SAM molecules and a second set
of functionalized SAM molecules, wherein the first set of
functionalized SAM molecules includes the first functional
group that carries the positive charge, and the second set of
functionalized SAM molecules includes the first functional
group that is chemically bonded to at least one anion.

19. The device of claim 1 wherein the coating comprises
a first set of functionalized SAM molecules and a second set
of functionalized SAM molecules, wherein the first set of
functionalized SAM molecules includes the second func-
tional group that carries the negative charge, and the second
set of functionalized SAM molecules includes the second
functional group that is chemically bonded to at least one
cation.

20. The device of claim 8 wherein

the IC carrier comprises a plurality of metal contacts,

a surface of the mold compound and the plurality of metal

contacts are exposed to an ambient environment,

the cations and the anions migrate along the surface of the

mold compound toward the metal contacts in the pres-
ence of moisture in the ambient environment, and
the cations and the anions are immobilized by the pro-
tective coating on a surface of the metal contacts
adjacent to the surface of the mold compound.
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